Lymphoplasmacyte-rich meningioma (LPRM) is an extremely rare variant of meningioma, and a small percentage of LPRM may be associated with IgG4-related disease. To date, the coexistence of 2 rare meningioma variants consisting of LPRM and angiomatous meningioma within one neoplasm has not been reported in the literature. A 56-year-old woman presented with episodes of frequent and severe epistaxis that began 4 months ago. Initial magnetic resonance imaging showed localized, heterogeneous, and intermediate to high signal lesion at the odontoid process and clivus. In subsequent magnetic resonance images, the mass grew to the posterior nasopharyngeal wall, and compression to the medulla, and a suspicious enhancement of both distal vertebral arteries became evident even though there was 3 times of partial resection over 17 years. The tumor showed regional and temporal heterogeneity, and atypical features such as mitoses and a high proliferative index were also identified in the area of angiomatous meningioma in addition to LPRM with an increased deposition of IgG4-positive plasma cells within the neoplasm.
Introduction
Atypical meningiomas are defined as meningiomas with increased mitotic activity, brain invasion on histologic examination, or at least 3 of the following features: increased cellularity, small cells with a high nuclear-tocytoplasmic ratio, prominent nucleoli, sheeting, and foci of spontaneous necrosis. 1 Atypical meningiomas often have moderately high MIB-1 labelling indices, higher recurrence rates, and correspond histologically to World Health Organization (WHO) grade II. 1 Angiomatous and lymphoplasmacyte-rich meningiomas (LPRMs) are rare variants of meningiomas and correspond histologically to WHO grade I. 2, 3 Due to the extensive chronic inflammatory infiltrates, LPRM may be confused with other nonneoplastic lesions, such as idiopathic or IgG4-related hypertrophic pachymeningitis (HP), or Rosai-Dorfman disease. 4, 5 IgG4-related disease (IgG4-RD) is a recently defined chronic disease, and the diagnosis of IgG4-RD is based on a combination of clinical, serologic, histologic, and immunohistochemical features. 6 Recently, the possibility that IgG4-RD may underlie the pathogenesis of some cases of hypertrophic pachymeningitis has been suggested. 7 We herein report an unusual case of LPRM with atypical angiomatous feature and an increased deposition of IgG4-positive plasma cells.
Clinical Summary
A 56-year-old woman was readmitted to our hospital and presented with episodes of frequent and severe epistaxis that began 4 months prior to admission. She has been receiving regular follow-up at our hospital due to a brain tumor from 7 years ago. Eleven years ago, she had received radiation therapy on the clinical and radiological impression of a malignant brain tumor in the region of the clivus. A year later, the tumor was resected and was histopathologically diagnosed as an inflammatory pseudotumor. Twenty-four years ago, she had received a total abdominal hysterectomy and chemotherapy due to ovarian cancer. On physical examination, decreased gag reflex in the left side, tongue deviation to the right, and soft palate elevation in the left side were recognized. Cerebellar functions and deep tendon reflex were unremarkable and pathologic reflex was not identified. Initial magnetic resonance (MR) imaging showed a localized, heterogeneous, and intermediate to high signal lesion at the odontoid process ( Figure  1A and B). In 2011, MR images showed a localized, heterogeneous, and intermediate to high signal enhancing lesion involving the odontoid process, C1 body, lower clivus, and periclivus area. The mass grew to the posterior nasopharyngeal wall and compression to the medulla and suspicious enhancement of both distal vertebral arteries were observed ( Figure 1C and D) . Tumor removal was performed through an extended transsphenoidal approach (Simpson grade IV). The tumor filling the nasopharyngeal cavity was near totally removed, and then, the retropharyngeal mucosa was incised and the tumor at the ventral side of the brain stem was also partially removed, leaving behind the portion of solid tumor mass showing an increased risk of bleeding. Three years later, she began faltering in speech and showed difficulty during swallowing. In 2014, MR images showed postoperative residual multicystic portions and the mass grew further toward the sellar floor and premedullary cistern, with more compression to the medulla ( Figure 1E and F) .
Tumor was removed for a third time to eliminate the risk of compression of adjacent structures, such as the optic and related nerves as well as the hypothalamus, using a transsphenoidal approach. Tissue showing a hard consistency was removed and 28 mL of bloody fluid was aspirated from the cyst. IgG4 levels in the serum were not elevated (23.7 mg/dL) in the postoperative evaluation. Six years later, the tumor began growing toward the nasopharynx and she presented with blood-tinged rhinorrhea. In 2017, the size of the total mass and the extent of necrotic or cystic cavity lesion became larger than merely postsecondary operative state seen in MR images ( Figure 1G and H). Partial removal of the nasopharyngeal mass was carried out. The patient is currently under follow-up observation with concurrent low-dose steroid treatment.
Pathological Findings
The tumor showed regional and temporal heterogeneity in the initial and subsequent recurrent tumor resections over the course of 10 years. The morphological features of the first resection specimen (first component) were chiefly those of angiomatous meningioma but also showed some atypical features. At low power, the tumor was predominantly composed of small to medium-sized, thin-or thickwalled, and variably hyalinized vascular channels and multiple foci of spontaneous necrosis were also seen. In hematoxylin-eosin (HE)-stained sections, the intervening tumor cells were hard to recognize as meningothelial and showed moderate degenerative and atypical nuclei and 4 to 5 mitoses per 10 high-power field (HPF; Figure 2A and B). The tumor cells were immunoreactive for epithelial membrane antigen (EMA, 1:200; Novocastra, Newcastle, UK; Figure 2C ) and vimentin (1:50; Novocastra), and the Ki-67 (1:100; Dako, Carpinteria, CA) labeling index (LI) was approximately 15% ( Figure 2D) .
The characteristic features of the first recurrent specimen (second component) were completely different from the previous one and those of LPRM. The tumor was hypercellular and composed of identifiable meningothelial cells and intervening dense inflammatory cells including plasma cells and thick fibrosis ( Figure 2E and F) . The tumor cells were immunoreactive for EMA ( Figure 2G ) and vimentin. Mitosis and necrosis were not identified and the Ki-67 LI was up to only 2% ( Figure 2H ). The counts of IgG4 (1:250; Invitrogen, Waltham, MA)-positive plasma cells were 20/ HPF and the IgG4/IgG ratio was 25% ( Figure 2I) .
Three years later, the second recurrence occurred and the resected specimen revealed thick fibrous tissue and infiltrates of scattered or aggregates of lymphoplasma cells with scarce meningothelial cells. The areas of storiform fibrosis were focally identified, but obliterative phlebitis was not identified ( Figure 2J ). In this specimen, the counts of IgG4-positive plasma cells were 20 to 50/HPF and the IgG4/IgG ratio was 25% ( Figure 2K and L) . Recently, recurrence occurred again and the morphological features were similar to those of the first resected specimen, that is, angiomatous meningioma with atypical features (4-5 mitoses/10 HPF, nuclear atypia, prominent nucleoli, and increased cellularity). However, necrosis was not identified in this specimen and the Ki-67 LI was about 10%. Immunohistochemical staining for the following antibodies was performed for the differential diagnoses of the first and following recurrent tumor resections and all were negative: factor VIII related antigen (factor VIII RA, 1:50; Novocastra), CD31 (1:50; Abcam, Cambridge, UK), CD34 (pre-dilution; Novocastra), D2-40 (pre-dilution; Dako), S100 protein (1:200; Novocastra), and pan-cytokeratin (pan-CK, 1:200; Novocastra). No kappa (1:1000; Dako) or lambda (1:1000; Dako) light chain restriction was seen in infiltrating plasma cells.
Discussion
Angiomatous meningioma and LPRM are rare variants of meningiomas and correspond histologically to WHO
Figure 2. Small to medium-sized, thin-walled vascular channels and the intervening meningothelial tumor cells were recognized (A). At high-power view, moderate nuclear atypia and mitosis were identified (B). The tumor cells were immunoreactive for EMA (C). The Ki-67 labeling index (LI) was about 15% (D). The tumor was hypercellular and composed of identifiable meningothelial cells and intervening dense inflammatory cells including plasma cells and thick fibrosis (E, F). The tumor cells were immunoreactive for EMA (G)
. The Ki-67 LI was up to 2% (H). The counts of IgG4-positive plasma cells were 20/HPF (I). The area of storiform fibrosis were focally identified (J). In this specimen, the counts of IgG4-positive plasma cells were 20 to 50/HPF and IgG4/IgG ratio was 25% (K, L).
grade I. 2, 3 Angiomatous meningioma is commonly seen in combination with microcystic meningioma and the cytologic features often overlap with those of microcystic meningioma. To date, the coexistence of the 2 variants of angiomatous meningioma and LPRM within a single neoplasm has not been reported. However, in our case, the atypical features such as mitoses (4-5/10 HPF) and high proliferative index (Ki-67 LI, 10% to 15%) are also identified in the area of angiomatous meningioma in addition to LPRM (no mitosis, Ki-67 LI, up to 2%) within a neoplasm over the course of 17 years. IgG4-related pachymeningitis is a recently defined disorder characterized by distinct histopathological features but may be confused with LPRM. 7, 8 Furthermore, the morphologic features of these 2 conditions rarely overlap within a single lesion. Because macrophages often predominate and plasma cells are not remarkable in LPRM, the alternative term "inflammationrich meningioma" has been suggested. 3 Lal et al reviewed meningiomas with a prominent inflammatory component, and they showed that the counts of IgG4-positive plasma cells and IgG4/IgG ratio had increased in only 2 among 16 cases and concluded IgG4 overexpression was rare in LPRM. 3 There are no definite diagnostic criteria for IgG4-related pachymeningitis, but a cutoff level for the absolute number of IgG4-positive cells at >50/HPF and the IgG4/ IgG ratio >40% is recommended. 9 Other major histopathologic features such as fibrosis, arranged at least focally in a storiform pattern, and obliterative phlebitis can be variably present in each case and the elevation of the serum IgG levels is not mandatory for the diagnosis; indeed, the levels may even be normal. 7, 9 In our case, the counts of IgG4-positive cells were up to 50/HPF but the IgG4/IgG ratio was 25% in the area of the highest infiltration of plasma cells. The areas of storiform fibrosis were focally identified but obliterative phlebitis was not. We evaluated a patient's serum IgG4 level postoperatively and it was within the normal range (23.7 mg/dL). Our case fell short of the aforementioned diagnostic criteria for IgG4-related pachymeningitis but showed an increased deposition of IgG4-positive plasma cells within or at the periphery of LPRM.
Benign meningiomas have recurrence rates of about 7% to 25% in patients, whereas atypical meningiomas recur in approximately 29% to 52% of patients, and anaplastic meningiomas at rates of 50% to 94% of the patient population. 10 Angiomatous meningioma and LPRM correspond histologically to WHO grade I, but recently, rare cases of LPRM that exhibited atypical features and mimic idiopathic HP has been reported. 3, 8 Studies have suggested that meningiomas with an Ki-67 LI of >4% have an increased risk of recurrence similar to that of atypical meningioma. 11 In our case, the mitotic rate and Ki-67 LI were different between areas of angiomatous meningioma and LPRM and the areas of angiomatous meningioma were higher than those of LPRM (mitosis, 4-5/HPF, vs 0/ HPF, and Ki-67 LI, 15% vs up to 2%). Therefore, we think that the frequent recurrences primarily depend on atypical features and high proliferation index of the angiomatous component in our case.
It remains unclear whether the inflammation is secondary to the meningioma or if the meningothelial proliferation is reacting to a primary inflammatory process. Lal et al recognized the fact that significant IgG4 positivity was noted in a small subset of LPRM and macrophages were the most consistent and abundant cell type, and most of the evidence argued against any possible association with IgG4 disease.
3 Mucosa-associated lymphoid tissue (MALT) lymphoma was induced through the interaction between chronic inflammation and lymphoid tumor cells. 12 Some reports have been published that suggest IgG4-related disease serves as the background for the development of ocular adnexal MALT lymphoma [13] [14] [15] but anything about the causal relationship between IgG4-related disease and meningioma has not been previously reported. In a consensus statement by Deshpande et al, strict diagnostic criteria should be followed to diagnose IgG4-related disease and propose classification into categories as highly suggestive, probable, or insufficient evidence for IgG4 disease. 16 We think that more definitive and strict diagnostic criteria including clinical findings apply to demonstrate the coexistence of IgG4-related disease within LPRM. Last, further research is needed to elucidate if there is any relationship between LPRM and IgG4-related disease or if this is merely an accidental synchronism.
In conclusion, our case reminds us the importance of multiple targeting of the biopsy and thorough examination in the resection specimens for the exact diagnosis, subtyping, and grading of the meningioma over again. In the case of meningioma showing regional and temporal heterogeneity, we emphasize that the histologic grade and the proliferation index such as Ki-67 LI must be necessarily evaluated separately in each component of meningioma. Therefore, we present an unusual case of LPRM with atypical angiomatous feature and an increased deposition of IgG4-positive plasma cells over the course of 17 years in a 56-year-old woman.
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